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I. INTRODUCTION 


Light aircraft and/or small helicopters provide a fast, highly 
mobile radiolocation platform. Airborne DF and homing maneuvers can 
be executed essentially unimpeded in the urban environment in contrast 
to the heavy restrictions imposed by street traffic on the ground. In addi- 
tion, a significant increase in system sensitivity accrues (especially at 
VHF) due to the favorable height/gain function of an elevated receiving 
antenna. 

The cost of airframe modification to accommodate conventional 
direction finding systems, however, typically exceeds equipment costs 
by an order of magnitude. Where specially equipped aircraft are not 
available, DF equipment is needed which can be rapidly installed and 
removed without airframe modification. This document describes an 
approach for providing a readily installed DF/homing system for light 
aircraft and/or helicopters which does not require airframe modification 
and requalification. The unit can be strapped down and removed as 
requirements dictate. 


II. SYSTEM DESCRIPTION 
A. Overall Description 


Figure 1 is a block diagram of the proposed system consisting of 
four units: antenna, receiver, data processor, and left-right meter. 

The antenna easily mounts external to the aircraft as described below. 

The receiver can be any available portable equipment. The data processor 
accepts the receiver IF and drives the left- right homing meters. Fre- 
quency coverage of the system would be restricted by antenna design. 
Antenna design for 20 to 80 MHz, 80 to 170 MHz, or a combination of the 
two ranges is practical. 

B. Antenna and Installation 

The coaxial spaced loop antenna is proposed for installation on the 
light aircraft as shown in Figure 2. Spaced loop DF antennas developed 
in this laboratory provide 1 pV/m sensitivity from 20-150 MHz, do not 
have polarization error, and provide a factor of two site error reduction 
over the conventional dipole (V scan) or simple loop DF antenna. Loop 
size and weight will not exceed 10" square and 3 lbs for each loop. 
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The antenna is designed for simple, reliable installation on aircraft 
such as Cessna models 150, 172, 177, and 182 or STOL aircraft such as 
the Helio Courier. With minor change in the installation technique, a 
practical installation on a small helicopter such as the Bell Model 47 can 
be achieved as illustrated in Figure 3. Initially, the most economical 
approach is a single airframe design; however, the antenna can be modified 
for other airframes for limited additional cost incurred by additional design 
and flight tests for each airframe. 

YHF experience (17) (21)* shows optimum DF performance is 

obtained with the antenna installed symmetrical to the airframe. Separa- 
tion from the airframe can be minimized if symmetry is maintained. 

The antenna mounting technique uses the landing gear struts of the 
high wing, fixed gear Cessna type aircraft and the Helio Courier. This 
mount properly aligns the antenna when the aircraft is airborne but permits 
full landing gear movement when the aircraft is on the ground. An alterna- 
tive for appropriate aircraft is to use wing struts to mount the individual 
loops of the spaced loop array. The helicopter skids as illustrated in 
Figure 3 or a boom would be utilized to mount the loops. 

C. Receiver 


Any standard portable VHF receiver is satisfactory. Receiver modi- 
fication to provide an IF output is necessary if none exists on the standard 
model. 


D. Data Processor 


The data processor serves three functions: (a) antenna tuning 
control, (b) sense network sequencing, and (c) receiver IF output pro- 
cessing to operate the left-right meters. The basic design of previous 
SwRI work (21) is applicable for the proposed system emphasizing 
repackaging for quick installation. 

E. Left-Right Meters 

Prior developments have utilized the left-right meter shown as 
with the system in Figure 1. More recent work indicates the dual meter 
illustrated as optional may be easier to use in simplified systems. One 
left-right meter would be mounted on the data processor. A second left- 
right meter should be located for convenient use by the pilot. 


^Numbers in parentheses refer to Section IV. References. 
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III. TECHNICAL DISCUSSION 

A. Previous Airborne VHF Direction Finding Experience 

Over the past years, Army cardioid HF and VHF helicopter DF 
development has been cancelled due to unsuccessful DF performance. 

The cancelled system is very similar in theory of operation to the DF-4 
system. Major differences include an array to provide four cardioid 
patterns rather than three and digital bearing computation rather than an 
analog readout. The failure of this DF system on the helicopter occurred 
for two basic reasons: (a) polarization error and (b) the dependence of 
DF accuracy on correct phase and amplitude injection from the sense 
antenna in a complex airframe environment. 

This laboratory has performed system development in the VHF 
airborne antenna field (17) (23) with applications in intercept and DF on 
signals of unknown polarization. Early work considered only vertical 
polarization as is often used in two-way communications systems in the 
VHF frequency range. 

Experience has shown that a DF antenna designed for vertical 
polarization is inadequate for airborne VHF since the transmitted polari- 
zation is not always vertically polarized. Airframe reradiation and the 
propagation environment also contribute to polarization error. The 
spaced loop antenna offers an excellent solution for this aspect of the 
problem by virtue of polarization independent direction finding performance. 
Furthermore, the use of electrostatically shielded loops greatly reduces 
error effects traceable to capacitive coupling of the antenna to the airframe. 

The use of monopole or electric dipole elements in Adcock or 
interferometer arrangements requires laborious hand adjustments or 
calibrations for each installation to eliminate polarization error and/or 
to balance out capacitive effects. The requirement for hand adjustment 
for each installation makes dipole DF elements impractical for use on 
various aircraft. When dipole elements are installed to eliminate these 
effects; however, the dipole antennas show twice or more the reradiation 
error of the spaced loop in the same environment (16), (17), (24). 

B. Principles of Operation 

Figure 4 shows the coaxial spaced loop antenna with parallel 
opposition connection. DF performance is obtained by rotating the spaced 
loop until the plane of incidence is perpendicular to the loop axis (inter- 
ference null). Although the antenna pattern changes in shape as a function 
of polarization, the interference null remains fixed in direction presenting 
a 180° azimuth ambiguity. Ambiguity resolution independent of polarization 
can be accomplished in many ways, including the use of a simple loop 
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FIGURE 4 

PARALLEL OPPOSITION COAXIAL SPACED LOOP 
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The U. S. A rmy presently uses the contractor developed spaced 
loop in the AN/ARQ-27 and the AN/ARD-24, HF left-right DF systems. 
These versions site the antenna in front of a helicopter as illustrated in 
Figure 5 and provide excellent bearing accuracy. The systems are 
designed to provide steering information to the forward bearing. Other 
sites and smaller versions are feasible. 

A block diagram of the AN/ARD-24 system is given in Figure 6 . 

The two spaced loop sense patterns are alternately sampled at a 60 Hz 
rate. The antenna RF output is fed through the receiver to the signal 
processor. Bearing information readout is available in three forms simul- 
taneously: on left-right meters, an A-scope, and a strip chart recorder. 
The second channel of the strip chart recorder is used to record aircraft 
heading to simplify DF data reduction at a later time. In the proposed 
application this duplication of system readout is not needed. 

A simplified operational block diagram of the AN/ARD-24 
system is given in Figure 7. Left-right meters are arranged to read 
in the same manner as an omni bearing indicator; that is, if the signal 
is on the right of the aircraft, the meter reads to the right. 

C. Redesign for the Proposed VHF System 

1 . Antenna 


This laboratory has developed a series of coaxial spaced 
loops equivalent to the HF left- right system for use over the 2 to 300 MHz 
frequency range. Reference (17) describes a rotating spaced loop antenna 
for fixed wing use up to 80 MHz. Reference (18) covers fixed antennas for 
use to 150 MHz. More recent work has produced designs to 300 MHz. 

For the proposed system, these designs will be used as the 
basis for a small antenna suitable for mounting on the selected aircraft. 
The antenna size is not critical and could be quite small; typically, indi- 
vidual loops of the order of ten inches square are adequate with spacing 
determined by the airframe selected. Smaller ferrite core'designs will 
be considered. 
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FIGURE 6 . SIMPLIFIED DF OPERATION DIAGRAM. 
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FORWARD NULL 
AIRCRAFT NOSE 



RECIPROCAL NULL 
AIRCRAFT TAIL 


FORWARD NULL 
AIRCRAFT NOSE 



RECIPROCAL NULL 
AIRCRAFT TAIL 


A. OF ANTENNA RECEIVING PATTERN (NOT SENSED) . 


DF ANTENNA RECEIVING PATTERN (SWITCH-SENSED I. 



C. AIRCRAFT DIRECTED TORWARD (0°) OR AWAY (180°) FROM RADIATED SIGNAL. 




t, AIRCRAFT DIRECTED TO THE RIGHT (90°) OF RADIATED SIGNAL 

( SIGNAL ARRIVING ON THE LEFT SIDE OF AIRCRAFT ). 


FIGURE 7. LEFT-RIGHT SYSTEM FOR VERTICAL POLARIZATION 
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2. Data Processor 

Data processor basic principles remain, unchanged. Certain 
circuits now using a 455 kHz IF will be redesigned if necessary for the IF 
frequency of the receiver selected. Minimum redesign is achieved by 
converting the receiver IF frequency to 455 kHz in the data processor. 

Only the left-right meter outputs will be implemented for 
the model proposed. The design could be compatible with the addition 
of the strip chart recorder and A-scope at a later time if desired. 

D. Brief History of Spaced Loop Antenna 


In 1916, a description appeared (1) of a "double framed aerial" 
which produced figure of eight patterns with "the phases being the same 
for the two halves of the eight. " In current terminology, this description 
corresponds to a vertical coplanar spaced loop in a vertically polarized 
field. Increased directivity was justifiably claimed, and detail was 
provided on the use of a "single frame" to control the antenna pattern; that 
is, provide sense or ambiguity elimination. 

Eckersley (2) described a spaced loop in June 1921, Keen's 
first descriptions appeared in 1922 (3), and in 1925, Friis (4) reported 
a receiving system based on a coplanar spaced loop. In these early 
references the term "spaced loop" was uncommon, and the subject 
matter usually concerned an application rather than the antenna. 

After 1925, polarization error reduction was recognized (5), 

(6) ; and, correspondingly, in 1938, Eckersley treated the spaced loop 
as a special case of an interferometer (7). Keen in 1938 (8) presented 
simple theory for both coplanar and coaxial versions. Research appli- 
cations of spaced loops were frequently reported after the mid- 1930's 

(7) , (9), (10). In 1939, the large Navy DAB coaxial spaced loop DF was 
reported (11). 

British development of experimental coaxial spaced loops 
occurred from the late 1930's until the end of World War II and included 
the first sound theoretical treatment of site error reduction (12), 
including the elimination of the multivalued error calibration data char- 
acteristic of dipole or loop systems. The specific case of shipboard 
site reradiation error reduction was exper imentally demonstrated by 
1944 (13), and results published in 1947 by Crampton (14). Aircraft 
site error reduction was experimentally investigated after 1963 on the 
basis of the shipboard success. 
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The Navy sponsored some related HF DF developments in 
the early 1950's, but military spaced loop development efforts, which 
had stopped with the DAB, were not resumed until 1955 (15). Navy 
developments after 1955 were directed toward shipboard problems; 

Army developments after 1962 became concerned with small tactical 
designs and led to the first engineering development of the antenna. 

The latter work has produced both ground based and airborne antennas 
for HF and VHF, and although reported in detail by Moore (17-22), 
remains formally unpublished. 

At the present (1969-1972), the spaced loop is an extremely 
important electrically small skywave or polarization independent 
direction finder for azimuth measurement and site error reduction. Its 
advantages derive from interferometric characteristics obtained from 
fixed antenna arrangements suitable for both homing and DF for any signal 
polarization. 

Unfortunately, a thorough and general spaced loop theory has 
not been published treating sense injection, commutation or switched 
patterns, testing methods, and related subjects. The development of a 
partial theory and a basis for optimizing spaced loop designs has for 
many years been guided primarily by experimental results with familiar 
arrangements, most based on the coaxial spaced loop with an empirical 
approach to sensitivity. The discussion presented here does not proceed 
beyond these limitations. Only a brief theoretical basis will be developed 
herein sufficient to illustrate soundness of the approach proposed. 

E. Selectio n of Specialized Spaced Loops from General Antennas 

A qualitative understanding of the spaced loop antenna can 
be obtained best by proceeding from the general to the special case. 
Consider a spaced loop family tree as illustrated in Figure 8. Restricting 
the discussion to electrically small antennas, cases may be listed (left to 
right) in increasing order of directivity beginning with isotropic and 
proceeding toward superdirective elementary antennas. Each case is a 
mode which may be represented either by arrays of simpler or 
similar modes or by elementary antennas having that mode as their 
simplest intrinsic form. The following discussion develops reasons 
for selecting the design path outlined in Figure 8 for airborne and heli- 
copter applications. 
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FIGURE 8 

ORIGIN OF SPACED LOOP DESIGNS 
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The isotropic case is not realizable and is mentioned only to 
convey the idea of a series of modes with increasing directivity. It is 
not directive and consequently is not a direction finder although it may 
be simulated by whips, monopoles, etc. for restricted directions or 
polarizations to serve as an element in a direction finder array. 

The dipole mode is visualized as two oppositely phased isotropic 
sources and represents the simplest realizable antenna and the simplest 
direction finder. One may think either of electric dipoles* or magnetic dipoles 
represented by loops. Pairs of electric dipoles may be arranged to form an 
interferometer which itself may represent the dipole mode. The loop, 
however, does not well represent the capabilities of the interferometer 
because of varying response (error) to varying polarization. (The loop may 
be thought of as two superimposed but conflicting interferometers arranged 
in different directions. ) Single element electric dipole direction finders, 
including interferometer types, must therefore be used with a single or 
at least a known polarization; or, as in the Adcock, additional elements 
must be added. The dipole mode is not capable of relative site error 
reduction under the restrictions of small antennas since it is the simplest 
DF arrangement possible. 

The quadrupole mode is visualized as two oppositely phased dipoles 
arranged to suppress the dipole mode in order to reveal the quadrupole or 
next higher order mode. It is manifested in the spaced loop which is the 
simplest direction finder which can be constructed entirely from loops 
and still provide interferometric response independent of signal polariza- 
tion. The quadrupole mode may be developed as an array of electric 
dipoles (four are required), an array of loops (at least two are required), 
or by means of a "quadrupole loop" represented by the category true 
quadrupole in Figure 8. The true quadrupole loop exhibits a polarization 
error analogous to, but less than the dipole loop and is similarly not 
efficiently representative of interferometer capapbilities . The quadrupole 
mode offers a significant site error reduction capability relative to the 
dipole mode as has been well reported (15, 16, 24). 

If in implementing an engineering design of a direction finder 
for airborne, mobile, or shipboard use, one adheres to the following two 
constraints, it becomes evident that the simplest design is a spaced loop; 


* Which are the basis of the Yagi, the log periodic, and others. 
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(1) Electrostatically shielded loops (rather than electric 
dipoles) are essential to eliminate capacitive balance 
problems related to airframe coupling. 

(2) Response must be independent of signal polarization to 
eliminate polarization error; that is, an interferometric 
arrangement must be used. 

Condition (1) can be achieved with a single loop, but significant 
polarization error will result. Condition (2) can be also achieved in 
a dipole mode antenna which uses electric dipoles, but significant 
capacitive balance and airframe coupling problems causing error will result. 
The spaced loop version of the quadrupole mode has been proven to provide 
both conditions simultaneously. The most suitable spaced loop is the one 
most readily adaptable to the airframe in question. In a cooperative 
radiolocation system such as is proposed here, a small fixed tuned antenna 
can be used, 

F. Sensitivity of Spaced Loop Antennas 

Electrically small antennas operating in the quadrupole mode 
normally exhibit relatively low sensitivity in comparison to dipole mode 
antennas. This can be visualized as a consequence of the double differen- 
tial connection of receiving elements to obtain the quadrupole directivity. 

At VHF, however, quadrupole (spaced) loop antennas provide excellent 
sensitivity of the order of 1 pv/m for 10 dB SNR and 30 kHz bandwidth. 
Experience with existing helicopter mounted spaced loops and post 
processing (21) shows good DF patterns are obtained with 30 kHz band- 
width when the receiver audio output is insufficient for accurate message 
copy. A sensitive audio output to the intercept antenna can be selected 
to provide the operator with message sensitivity equivalent to DF sensi- 
tivity. This sensitivity capability is especially important for SNR/homing 
applications. 


Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 



Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 


17 


IV. REFERENCES 


(1) Anonymous, "A Unilaterial Directive Aerial, 11 Engineer , 

vol. 121, p. 165, 18 February 1916. 

(2) T. L. Eckersley, "Effect of the Heaviside Layer Upon the 

Errors of Direction Finders, " Radio Revue, vol. 2, pp. 
60-65, 231-248, May 1921. “ 

(3) R. Keen, Wireless Direction Finding , London, Iliffe & Sons, 
Ltd. , 1st Edition, 1922. 

(4) H. T. Friis, "New Directional Receiving Systems, 11 Proc. 
IRE, vol. 13, pp. 685-707, December 1925. 

(5) Anonymous, "Theoretical Possibilities of Utilization of 
Hertzian Rotating Beacons," Industrie Electrique, vol. 37, 
no. 871, pp. 447-451, 10 October 1928. 

(6) E. Serre, "Radio Direction-Finding Applied to Airlines , " 
Onde Elec . , vol. 10, pp. 425-457, 514-520, October, 
November 1931. 

(7) T. L. Eckersley, "A Wireless Interferometer," Nature , 
vol. 141, pp. 369-370, February 1938. 

(8) R. Keen, Wireless Direction Finding , London, Iliffe & Sons, 
Ltd. , 3rd Edition, 1938. 

(9) R. Ii. Barfield and W. Ross, "The Measurement of the 
Laterial Deviation of Radio Waves by Means of a Spaced- 
Loop Direction Finder, " JIEE, vol. 83, pp. 98-110, July 
1938. 

(10) H. T. Budenbom, "Proper Spacing Between Units of Differ- 
ential Antenna Pairs in Direction Finding for the Case of a 
Multi-Ray Signal - Extension of Memorandum of October 22, 
1937, " Bell Telephone Laboratory, New York City, Memo 
No. 1938-311 -HTB-KL, 9 August 1938. 

(11) Anonymous, "Instruction Book for Navy Model DAB-3 Radio 
Direction Finder Equipment, " Collins Radio Company, Cedar 
Rapids, Iowa, 1939. 


Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 



Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 


18 


(12) R. T. Whipple and M. Moore, "Preliminary Theoretical 
Report on the Errors Caused in Bearings by Re-Radiation 
from a Vertical Conductor Placed Near a Spaced-Loop 
Direction Finder, " Admiralty Signal Establishment (British) 
Report No. M-585, December 1943. 

(13) John L. Allison, "Developments of British Naval Direction 
Finding, " Technical Report issued by OSRD, D/F Section, 
Division 13, National Defense Research Committee, 5 August 
1944. 

(14) C. Crampton, "Naval Radio Direction -Finding, " JIEE, vol. 

94, Part IIIA, pp. 132-153, March 1947. 

(15) D. N. Travers, J. D. Moore, W. M. Sherrill and H. E. 

Lovely, "Methods for the Reduction of Reradiation Error in 
Naval High Frequency Shipboard Direction Finding, " Final 
Report for Contract NObsr- 64585; Southwest Research Insti- 
tute, 1 January 1961. 

(16) D. N. Travers, J. D. Moore, J. P. Lincoln, V. G. Dubois 
.and W. L. Donaldson, "A Spinning Multiloop Direction Finder 
for the Reduction of Shipboard Reradiation Error, " Task 
Summary Report Number IV for Contract NObsr- 64885, South- 
west Research Institute, 1 September 1958. 

(17) J. D, Moore, "Tuned VHF Spaced Loop, " Technical Report 
ECOM-C0039-F, Final Report for Contract No. DAAB07-67- 
C-0039, Southwest Research Institute , January 1967, Project 
No. 16-1976. 

(18) M. P. Castles and J. D. Moore, "Improved Spaced Loop Direc- 
tion Finder Antenna (20-150 MHz), " Final Technical Report 
ECOM-01633-F, Contract DA28-043 AMC-01633 (E), Southwest 
Research Institute, January 1967, Project No. 16-1761. 

(19) J. D. Moore and M. P. Castles, "HF Spaced Loop Antenna, " 
Technical Report ECOM-01960-F, Final Report for Contract 
No. DA28-043 AMC-01960(E), Southwest Research Institute, 
February 1967, Project No. 16-1855. 


Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 



Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 


19 


(20) M. P. Castles and J. D. Moore, "High Speed Spinning Spaced 
Loop Direction Finder, " Technical Report ECOM-0420-F, 

Final Report for Contract No. DAAB07-67-C-0420, Southwest 
Research Institute, April 1969, Project No. 16-2142. 

(21) M. P. Castles and J. D. Moore, "Tuned Airborne HF Spaced 
Loop AS-2 1 47 ( ) / ARQ-27, " Technical Report ECOM-0362-I, 
Instruction Manual for Contract No. DAAB07-67-C-0362, South- 
west Research Institute, June 1967, Project No. 16-2083. 

(22) J. D. Moore and D. N. Travers, "Portable Spaced Loop Antenna, " 
Final Progress Report, Contract No. DA 36-039 AMC -03405 (E), 
Southwest Research Institute , January 1965, Project No. 16-1431. 

(23) J. D. Moore and S. M. Hixon, "AS-2372(XE-l)/ARQ-28 Tuned 
VHF Spaced Loop Antenna, " Technical Report ECOM-O 369-1, 
Instruction Manual for Contract No. DAAB07-68-C-0369, South- 
west Research Institute, November 1968, Project No. 16-2360. 

(24) Douglas N. Travers, John D. Moore and W. M. Sherrill, "Multi- 
loop Antenna Arrays for High Frequency Shipboard Direction 
.Finding, " Transactions of the IEEE on Antennas and Propagation , 
vol, AP-13, no. 5, pp. 665-671, September 1965. 


Approved For Release 2001/09/03 : CIA-RDP76-00451R00020001 0008-7 



